Occupational exposures and mammographic density in Spanish women. Lope V, García-Pérez J, Pérez-Gómez B, Pedraza-Flechas AM, Alguacil J, González-Galarzo MC, Alba MA, van der Haar R, Cortés-Barragán RA, Pedraz-Pingarrón C, Moreo P, Santamariña C, Ederra M, Vidal C, Salas-Trejo D, Sánchez-Contador C, Llobet R, Pollán M. Occup Environ Med. 2018 Feb;75(2) Methods: This is a population-based cross-sectional study based on 1476 female workers, aged 45-65 years, from seven Spanish breast cancer screening programs. Occupational history was surveyed by trained staff.
 Our results indicate that certain occupational exposures may influence mammographic density, results that need to be confirmed in future studies.
BACKGROUND
Mammographic density (MD) refers to the percentage of radiologically dense fibroglandular tissue that appears as white areas on a mammogram. It is one of the strongest known risk factors for breast cancer, 1 2 and is the factor with the greatest attributable fraction. 3 Indeed, 26% of breast cancers in women aged under 56 years were attributable to breast densities >50%. 1 Besides the genetic component, 4 it has been shown that MD declines progressively with increasing age, with increasing body mass index, with each pregnancy, and with menopausal transition. 3 By contrast, hormone replacement therapy, particularly treatments combining estrogen and progestin, was found to increase MD. 3 Given that the stroma is the major tissue component of the breast, the biological mechanisms through which MD may exert tumorigenic risk are likely to involve the stromal cells, extra-cellular matrix proteins, and their interaction with the epithelial component. 5 Occupational studies have played an important role in the identification of carcinogens and potential risk factors, since exposure to occupational factors tend to be longer, more intense, and better documented than in other contexts. It has been estimated that, in 2004, 25 .4% of the Spanish working population was exposed to carcinogens in the workplace. 6 Based on the assessments of the International Agency for Research on Cancer (IARC), there are 12 carcinogenic agents with sufficient or limited evidence in humans for breast cancer. 7 Among them, ionizing radiation, ethylene oxide, polychlorinated biphenyls, and shift work that involves circadian disruption have been detected in occupational settings. In addition, more than 200 chemicals may induce mammary gland tumors in experimental animals. 8 Among others, the list includes 36 industrial chemicals, 6 chlorinated solvents, 18 products of combustion, 10 pesticides, 18 dyes, 47 pharmaceuticals, and radiation. It has been estimated that more than 5000 U.S women have been exposed to 25 of these chemicals at work. 8 Furthermore, many of these substances are known as endocrine-disrupting chemicals, compounds that may disrupt normal mammary gland development and lead to adverse lifelong consequences, such as breast cancer. 9 Regarding MD, to our knowledge the association between occupational exposures and mammographic density has barely been studied. In non-occupational environmental settings, a positive association has been observed with high serum levels of bisphenol A and mono-ethyl phthalate, 10 and with exposure to cadmium. 11 In contrast, an inverse association with some polychlorinated biphenyls congeners has also been described. 12 In two previous studies, our group sought to identify occupations with high MD in Spanish female workers, 13 as well as to evaluate the possible association between MD and self-reported history of nightshift work, 14 association that had been previously explored. 15 The availability of a job-exposure matrix, purpose-made for the Spanish working population, that allows to evaluate occupational exposure to chemical, physical, and microbiological agents, 16 makes it possible to explore the effect of such substances in the workplace. The aim of this study is thus to investigate the possible association between MD and current occupational exposure to chemical, physical, and microbiological compounds among a group of Spanish women with paid employment attending breast cancer screening programs.
METHODS

DDM-Spain (Determinants of Mammographic Density in Spain) and Var-DDM (Variability of the
Mammographic Density in Spanish Women) are two linked research projects carried out in Spain with the purpose of identifying determinants of MD. DDM-Occup is the branch of these projects which intends to deepen into the study of the occupations, occupational exposures to toxic agents, and working conditions that are associated with MD.
Briefly, for this cross sectional multicenter study, women aged 45-68 years were recruited between October 2007 and September 2008 from seven public population-based breast cancer screening centers located in the following regions: Aragon, Balearic Isles, Castile-Leon, Catalonia, Galicia, Navarre, and Valencian Region. Each center had to enroll at least 500 participants. Thus, the total number of participants was 3584 with an average participation rate of 74.5% (range: 64.7-84.0%). Women were contacted by telephone and those who agreed to participate signed an informed consent and were interviewed at the screening center by trained interviewers. Those women that reported previous breast or ovarian cancer, breast surgery or implant were excluded. In a second step, we also excluded 10 women who developed breast cancer within 6 months of the mammogram. The DDM-Spain study protocol was evaluated and formally approved by the Bioethics and Animal Welfare Committee at the Carlos III Institute of Health. Further details of the study design can be found in previous publications. 17 18 Given the high correlation between images of the left and right breast and between the two standard views (cranio-caudal and medio-lateral oblique), 19 we decided to use the cranio-caudal mammogram of the left breast for 3309 women in different formats: 1781 were analogical images digitalized with a Totalook MammoAdvantage scanner; 1376 were digital images (Senographe 2000D Full Field Digital Mammography System; Hologic-Lorad M-IV; Siemmens MAMMOMAT Novation DR) and the remaining 152 mammograms were originally digital mammograms printed on film and digitalized with a Microtek Medi-700 scanner. Two purpose-trained radiologists estimated the percentage of MD in a continuous scale. One radiologist read the mammograms from Castile-Leon, Balearic Islands, and Navarre and the other one read those from Aragon, Catalonia, Galicia, and Valencian Region. To this purpose, they used a free semi-automated computer tool (DM-Scan) designed by the Polytechnic University of Valencia, 20 which has shown high validity and reproducibility, and a good discriminative power for breast cancer risk prediction. 21 To evaluate intra and inter- At recruitment, women answered a complete epidemiological questionnaire that collected information on sociodemographic data, information on reproductive history, personal and family background, lifestyles, and diet. It also contained specific items to explore the occupational history, namely, the current work status of the women, their latter occupation, the occupation hold for the longest period and the time worked on each of them. For the present study, which if focused on current occupational exposures, we excluded those participants that had never had paid jobs (housewives) (n=477). In addition, we excluded: 1340 women who stopped working at least one year ago, 2 women who did not provide occupational history information, and 14 participants with incomplete information in some of the main confounding variables. Therefore, our final sample was 1476 women, aged 45-65 years, who were working at the time of the mammography or had stopped working less than a year ago. Exposure to chemical, physical, and microbiological agents was assessed by linking occupations (CNO-94) to a job-exposure matrix (MatEmEsp). 16 This matrix has been specifically developed for Spanish workers, covering the period 1996-2005. Besides safety hazards, ergonomic and psychosocial risk factors, employment conditions and socio-demographic characteristics, this matrix includes 52 chemical, 10 physical, and 2 microbiological agents, in alignment with those included in the Finnish job-exposure matrix (FINJEM). 23 Estimates were established by a panel of industrial hygienists with extensive experience in industrial hygiene exposure assessment in Spain. For each agent in each job title, the prevalence of exposure (proportion of exposed workers) and the level (intensity) of exposure (1-year average concentration levels) were quantitatively assessed. The estimates were made based primarily on expert judgments, on data from risk assessments in Spanish companies and consulting bibliographical sources. For this study, we only considered those jobs held for at least one year and those agents for which at least 10 female workers were exposed. We considered as "exposed occupations" those in which at least 5% of the workers had a mean annual exposure that exceeded the reference exposure level, different for each agent and obtained from the 2012 Spanish occupational Threshold Limit Values Document. In the case of ionizing radiation, the 5% prevalence criterion was not taken into account, and we considered as "exposed occupations" those that exceeded 0.2 mSv.
In order to evaluate the association of MD with the exposure to a specific chemical, physical or microbiological agent, we fitted multivariate mixed linear regression models. For each agent we performed an independent model. We used the log-transformed percentage of MD as the dependent variable. The estimated regression coefficients and the corresponding limits of their 95% confidence intervals were exponentiated to calculate the relative change of the adjusted geometric mean of MD (e β ) and its 95% confidence interval comparing exposed women to a given agent with unexposed women. The main explanatory variable of interest was the specific agent, categorized as exposed (if the woman has been exposed to that agent in her current occupation or had ceased to be exposed to it less than a year ago) versus non-exposed (women non-exposed to the specific agent that were working at the moment of the study or that have stopped working less than a year ago). All models were adjusted for age at mammogram (continuous), menopausal status (pre/perimenopausal and postmenopausal), body mass index (continuous), educational level (less than primary education, primary education, secondary education, vocational training, higher secondary education, bachelor or equivalent and university education), parity (continuous), hormonal replacement therapy (no use, previous use, current use), first-degree relative with breast cancer (yes/no), smoking (never smoker, exsmoker ≥6 months, and current smoker or ex-smoker <6 months), alcohol consumption (never drinker, <10g/day and ≥ 10 g/day), and type of mammogram (analogical, digital or printed & scanned image). In addition, these models included two-level nested random effects: the screening center intercept term and the professional radiologist. A sensitivity analysis was also fitted comparing workers exposed to an intensity of exposure equal or over the 75 th percentile of the distribution of a given substance with workers non-exposed to that agent. We repeated all these analyses including women who reported being actively working in the last 5 years (N=1667). The results obtained were very similar and are presented (see later) in a supplementary table.
In a second phase, we explored the association between MD and exposure to those agents with an e β >1.20 and p<0.10 obtained in the previous analyses, fitting a new model for each of these substances that was additionally adjusted for the time exposed to the remaining agents. Finally, we also assessed the duration of exposure to these occupational agents, using the number of months exposed as explanatory variable and analyzing the increase or decrease in MD per 5-year increase in the time exposed to each agent also adjusting for the time exposed to the remaining ones.
All analyses were performed with STATA/MP 14.0 software. Table 1 shows a summary of the main characteristics of the women, the percentage of them occupationally exposed to chemical, physical and microbiological agents, and the percentage of mammographic density. The mean age of study participants was 54.3 years. Most women were postmenopausal, and 66% were overweight or obese (>25 Kg/m 2 ). Most of them had 1 or 2 children, had never used hormone replacement therapy, and had never smoked. According to exposure to occupational agents, 35% of workers had an occupation for which no exposure to any chemical substance was contemplated, while 30% had an occupation with exposure to more than 3 chemicals. As many as 38% of the women belonged to occupations without exposure to any physical agent, and only 18 women had occupations with exposure to mold spores or bacteria. On the other hand, women with higher MD were more frequently premenopausal, university women, thin women, nulliparous, hormone therapy users, with family history of breast cancer, smokers or former smokers, and with high alcohol consumption. Table 2 analyses the association between MD and occupational exposure to various chemical, physical, and microbiological substances. Firstly, we evaluated the association comparing women exposed to a given agent with the rest of workers not exposed to it, showing only those agents for which there were ten or more women exposed. In a second phase, we compared women highly exposed to one substance (i.e., those exposed to an intensity of exposure equal or over 75 th percentile) with the rest of workers not exposed to such substance. The first analysis showed a statistically significant positive association with exposure to perchloroethylene (e β =1.51; 95%CI=1.04 to 2.19) and mold spores (e β =1.44; 95%CI=1.01 to 2.04), and a borderline significant association with ionizing radiation (e β =1.23; 95%CI=0.99 to 1.52) and aliphatic/alicyclic hydrocarbon solvents (e β =1.47; 95%CI=0.94 to 2.30). The second analysis confirmed these results, although some associations failed to achieve statistical significance due to the lower number of exposed workers.
RESULTS
Finally, both analyses also detected a non-expected lower MD among those workers exposed to nickel. Table   S1 (supplementary data) shows the same analyses including those women who were working or stopped working less than five years ago. As can be observed, these results are very similar to those previously described.
When we analyzed the association between MD and those occupational agents with e β >1.20 and p<0.10 in any of the previous analyses, we observed that the associations hardly changed when we fitted new models for each agent additionally adjusted for the time exposed to the other agents (Table 3) . Finally, MD increased for every five years spent in occupations exposed to aliphatic/alicyclic hydrocarbon solvents (e β =1.11; 95%CI=1.00 to 1.23), perchloroethylene (e β =1.12; 95%CI=1.02 to 1.23), ionizing radiation (e β =1.03; 95%CI=0.99 to 1.08), and mold spores (e β =1.12; 95%CI=1.03 to 1.22). Table 4 shows the occupations exposed to aliphatic/alicyclic hydrocarbon solvents, perchloroethylene, ionizing radiation, and mold spores, as well as the level of exposure and the prevalence of Spanish workers exposed to each of them, according to MatEmEsp. It is worth noting that most workers exposed to perchloroethylene were "Launderers, pressers, and similar", and that most workers exposed to ionizing radiation in our study were "Nurses" (38 women). The exposure to aliphatic/alicyclic hydrocarbon solvents and to mold spores was due to a greater variety of occupations.
DISCUSSION
This study sought to investigate the association between MD and occupational exposure to a number of occupational agents in a sample of Spanish women attending breast cancer screening. Although, in general, no association was found with most of the substances studied, our results suggest that exposure to perchloroethylene, to aliphatic/alicyclic hydrocarbon solvents, to ionizing radiation, and to mold spores could be linked to higher MD.
With regard to perchlotoethylene, the IARC concluded that this compound is probably carcinogenic to humans, based on limited evidence in humans and sufficient evidence in laboratory animals. 24 It has been the solvent most commonly used in the dry cleaning industry since the 1950s. In 2005, perchloroethylene was used by about 90% of dry-cleaners in Spain, with a consumption of 2382 tons. 25 Although there is no evidence of an association between this solvent and breast cancer risk, 24 26 27 Gallagher et al detected slightly elevated breast cancer risk for highly exposed women via drinking-water contaminated with perchloroethylene in Massachusetts (USA). 28 Moreover, in 2011, this chemical was included as a potential endocrine disruptor by The Endocrine Disruption Exchange. 29 We have also detected an association between MD and the group of other chlorinated hydrocarbon solvents, although it did not reach statistical significance. Some of them have been identified as mammary gland carcinogens, 8 and have been detected in breast milk, confirming their availability to breast tissue. 30 However, the results of the literature are still contradictory with regard to breast cancer risk. While some studies found no association with this group of chemicals, 26 31 others have reported an increased risk. 32 33 In the last two studies, as in ours, the authors reported higher risk in those workers exposed for a longer time. Finally, other organic solvents for which we detected an increased MD are aliphatic/alicyclic hydrocarbon solvents. With respect to the first group, Glass et al observed that women exposed to aliphatic solvents had a 20% increase of breast cancer risk in an Australian population-based casecontrol study. 26 The association between mold spores and MD has not been previously described and is difficult to explain. This result could be a chance finding or could be related to the exposure to mycotoxins, secondary chemical metabolites of different types of fungi. Among these mycotoxins, it is worth mentioning the zearalenone, a non-steroidal estrogenic mycotoxin, produced by Fusarium species that can be found in a wide range of cereals. 34 35 It has been associated with breast enlargement in humans and it has been included in many bust-enhancing dietary supplements. 35 Although the epidemiological evidence with regard to breast cancer risk is inconclusive, 35 recent studies have shown its potential to induce proliferation in human breast tumor cells, 34 and a recent case control study found an increased breast cancer risk associated with the concentration of one zearalenone metabolite in urine. 36 A number of studies have indicated that MD corresponds more to alterations in stromal composition rather than epithelial changes. 5 Indeed, it has been suggested that high MD is promoted by remodeling and stiffening the existing stromal collagen microarchitecture. 37 The increased MD detected in our workers exposed to ionizing radiation could be explained within this stromal context, since it has been described that low-dose ionizing radiation exposures can perturb the breast stromal environment through the accumulation of senescence-like human mammary fibroblasts. 38 In our study, the occupation with higher number of workers exposed to ionizing radiation were nurses, precisely one of the professions with the highest association with MD previously reported by our team. 13 14 Since night shift work is very common in this profession, and it is classified as a possible cause of breast cancer, 39 we performed a sensitivity analysis including this possible confounding factor, but the estimation of the effect of exposure to ionizing radiation did not change. Although current doses are generally low due to the recognition of the long-term effects and the introduction of preventive measures, several studies continue reporting an increase in breast cancer risk among medical radiation workers, mainly among those who began working in the first half of the 20th century. 40 41 Our study has several limitations. The cross-sectional design limits the possibility to assess changes in MD patterns across time. On the other hand, occupational history was self-reported and collected retrospectively and, thus, it is subject to possible recall bias, particularly with regard to time worked. Nevertheless, density assessment was blind and anonymous, and any recall bias would probably be nondifferential, thus implying an underestimation of the effects studied. Another limitation relates to the masssignificance phenomenon, which may produce spurious associations due to the large number of comparisons.
However, chance would only explain one of the statistically significant associations observed between the occupational agents and MD. Corrections for multiple significance testing were not applied due to the exploratory nature and the hypothesis generating approach of this study. 42 On the other hand, assessment of exposure with the use of a job exposure matrix implies a classification bias -generally non-differential-caused by variability of exposure both within and among the occupational groups considered, as well as possible changes in exposure across time. This misclassification could entail an underestimation of the effects.
However, the use of such a matrix provides increased statistical power resulting from pooling workers from different occupations for which a similar range of exposure was estimated. We have also used different type of mammograms (digital and digitized digital or analogical images). However, this possible source of error has been taken into account by including this variable into the model, and the inclusion of the screening center as a random effect term also allows controlling this possible source of error. In addition, it is possible that some of the associations detected could be due to other confounding factors not taken into account in the analyses, as well as to the effect of simultaneous exposures to various agents. On the other hand, we have focused on current exposures without considering the past exposures (those that took place more than a year ago). We decided to do so because mammographic density has dynamic characteristics. It decreases with age, with BMI, and can be modified by hormonal exposures and other breast cancer risk factors. However, the influence of exogenous exposures on MD may cease when exposure is interrupted, as it is the case in most women who used postmenopausal hormone therapy. 43 This justifies our focus on current and not past exposures. In any case, results were very similar when the exclusion criteria were less strict and we included women who were working in the last 5 years. Finally, the low number of exposed women could have been insufficient to detect significant differences in some exposures, and we should be cautious about those associations based on a low number of exposed workers.
Some strengths should also be considered. Although there are previous studies that have analyzed the association between MD and night shift work, 14 15 up-to-date this is the first epidemiological study exploring the association with agents used in the workplace. In addition, population based breast cancer screening programs are available in all Spanish regions, and participation rates are high, 44 which support the external validity of our results. On the other hand, a validated software was used to obtain a continuous measure of MD allowing to explore associations more accurately, as recommended by Santen et al. 45 With regard to the exposure assessment, it is worth noting that we used the first general-population job-exposure matrix specifically designed for the Spanish working population. The detailed supported documentation for the sources and processes underlying exposure estimates make this matrix the best available source of information on exposure to occupational agents among Spanish workers.
In conclusion, our results support the hypothesis of an increased MD among women occupationally exposed to perchloroethylene, ionizing radiation, mold spores and aliphatic/alicyclic hydrocarbon solvents.
Limited statistical power prevents drawing conclusions regarding other exposures. Since this is the first study analyzing occupational exposures and MD, special caution is required in the interpretation of our results.
Further investigations are needed to confirm these associations in different and larger populations and in studies that include direct exposure measurements.
ACKNOWLEDGMENTS
We would like to thank the participants in the DDM-Spain/Var-DDM-Spain/DDM-Occup studies for their contribution to breast cancer research.
CONTRIBUTORS
VL, MP and BP-G designed the DDM studies. CP-P, PMo, CS, ME, CV, DS-T and CS-C coordinated participant recruitment in their respective provinces and contributed to the data collection. RL was responsible for reading mammograms. JA, MCG-G, MAA, RVDH and RACB contributed to the acquisition of occupational exposure data and to analysis and interpretation of results. JG-P, AMP-F and VL contributed to statistical analyses, interpretation of data, and wrote the initial version of the manuscript. All authors contributed to critical revisions of the draft manuscript and approved the final version. * Comparing workers exposed to an intensity of exposure equal or over 75th percentile of the distribution with workers not exposed to the respective agent. † Number of exposed workers. Only those agents with at least 10 exposed workers are shown. ‡ e β represents the relative increase of the geometric mean of the percentage of MD. Models adjusted for age, educational level, menopausal status, body mass index, parity, hormonal replacement therapy use, first-degree relative with breast cancer, smoking, alcohol intake, and type of mammogram. § Number of workers exposed to 75th percentile of the distribution or more. ¶ Include captan and thiram. ** Include 2,4-D, atrazine, diquat and diuron. Table 2 . † Number of exposed workers. ‡ e β represents the relative increase of the geometric mean of the percentage of MD. Models adjusted for age, educational level, menopausal status, body mass index, parity, hormonal replacement therapy use, first-degree relative with breast cancer, smoking, alcohol intake, type of mammogram, and the time exposed to the remaining agents shown in the table. § 25th percentile of the distribution of the exposure time to the corresponding agent in years. ¶ 75th percentile of the distribution of the exposure time to the corresponding agent in years.
** e β represents the relative increase of the geometric mean of the percentage of MD. e β and 95% confidence intervals per 5 years spent in occupations exposed to the respective agent; adjusted for age, educational level, menopausal status, body mass index, parity, hormonal therapy use, first-degree relative with breast cancer, smoking, alcohol intake, type of mammogram, and the time exposed to the remaining agents shown in the table. 
